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Angelica, one of the largest genera in Apiaceae comprises approximately 110 species distributed through¬ 
out the Northern Hemisphere. Most species are diploid (2 n = 22), but polyploidy has occasionally been 
reported. This paper reports a somatic chromosome number for Angelica minamitanii , a recently de¬ 
scribed species endemic to Japan, as 2 n = 110 (lOx). This is the third report of a decaploid species of An¬ 
gelica. 
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Angelica L., one of the largest genera of Apia¬ 
ceae, comprises approximately 110 species dis¬ 
tributed throughout the Northern Hemisphere 
(Pimenov & Leonov 1993, Mabberley 2008). In 
Japan, 23-27 species of Angelica have been re¬ 
ported (Kitagawa 1982, Ohba 1999, Yamazaki 
2001). Angelica minamitanii Yamazaki was re¬ 
cently discovered in Miyazaki Prefecture, south¬ 
western Japan (Minamitani 1997), and described 
by Yamazaki (2001) as a new species. As part of 
an ongoing systematic study of A. minamitanii 
and related taxa, I examined the somatic chromo¬ 
some number in root tips of cultivated A. mina¬ 
mitanii [voucher specimen: Azuma 257 (KYO)], 
transplanted from a wild population in Kobayashi 
City, Miyazaki Prefecture. I determined that A. 
minamitanii is a decaploid with 2 n = 10x = 110. 

Actively growing root tips were pretreated in 
2 mM 8-hydroxyquinoline solution for 5 h at 
20°C. The root tips were then fixed in an ethanol- 
acetic acid (3:1 v/v) solution for more than 12 h at 
4°C. The fixed tissues were dissociated by im¬ 
mersion in 1 N HC1 for 10 min at 60°C, and were 
then soaked in Schiff's reagent (Wako Pure 
Chemical Industries Ltd., Osaka, Japan) for 1 h at 
room temperature. The well-stained portion of 


the root tip was excised and stained with 1% ace- 
to-orcein solution for 10 min on a glass slide. The 
chromosomes in at least 2 cells per tip were 
counted, and at least 5 tips per individual were 
examined. I used a total of 3 potted individuals in 
this study. 

The chromosome number determined for An¬ 
gelica minamitanii was 2 n= 110 (Fig. 1). On the 
basis of information retrieved from Fedorov 
(1969), Moore (1973,1974,1977), Goldblatt (1981, 
1984, 1985, 1988), Goldblatt & Johnson (1990, 
1991, 1994, 1996, 1998, 2000, 2003, 2006, 2010), 
a web version of the Index to Plant Chromosome 
Numbers (Goldblatt & Johnson 1979-; http:// 
www.tropicos.org/Project/IPCN), and Nishikawa 
(2008), the chromosome base number of Angelica 
may be x = 11, indicating that A. minamitanii is a 
decaploid species (2 n = 10x = 110). Most of the ca. 
93 species of Angelica for which the chromosome 
number has been determined are diploid with 2 n 
= 22, but at least 12 species have been reported to 
be tetraploid with 2 n = 44 (A. amurensis Schischk. 
(Sokolovskaya 1966), A. chinghaiensis Shan ex 
K.T. Fu (Pan et al. 1991), A. cincta H. Boissieu 
(Gurzenkov & Gorovoy 1971, Vasil'eva & Pi¬ 
menov 1991), A. czernaevia (Fisch. & Mey.) 


Nil-Electronic Library Service 


The Japanese Society for Plant Systematics 


112 


Acta Phytotax. Geobot. 


Vol. 65 




Fig. 1. Somatic chromosomes of Angelica minamitanii (2 n = 110). A, micrograph; B, drawing. Scale bar indicates 10 pm. 


Kitag. (Pimenov & Yarygina 1967, Gurzenkov & 
Gorovoy 1971, Vasil'eva & Pimenov 1991), An¬ 
gelica kingii (S. Wats.) J. M. Coult. & Rose (Re¬ 
veal & Styer 1973), A. maximowiczii (F. Schmidt) 
Benth. ex Maxim. (Vasil'eva & Pimenov 1991), A. 
oncosepala Hand.-Mazz. (Pan et al. 1994), A. 
purpuraefolia Chung (Do 1970), A. sachalinensis 
Maxim. (Pimenov & Yarygina 1967, Gurzenkov 
& Gorovoy 1971, Nishikawa 1988, Vasil'eva & 
Pimenov 1991), A. songpanensis Shan & F.T. Pu 
(Alexeeva et al. 2000), and A. takesimana Nakai 
(Lee 1972) or hexaploid with 2 n = 66 [Angelica 
sp. (Ogawa 1929), A. breweri A. Gray (Bell & 
Constance 1957), and A. sachalinensis (Nishika¬ 
wa 1988)]. 

Angelica sachalinensis [A. anomala Ave-Lall. 
subsp. sachalinensis (Maxim.) H. Ohba], of Hok¬ 
kaido and northern and central Honshu, and adja¬ 
cent areas, is the only reported polyploid species 
of Angelica in Japan. Nishikawa (1988) reported 
the occurrence of both tetraploid (2 n = 44) and 
hexaploid (2 n = 66) individuals of A. sachalinen¬ 
sis from Hokkaido. 

In addition, two decaploid species of Angelica 
have been reported from Korea and China. Do 
(1970) reported a chromosome number for A ko- 
reana Maxim, in Korea to be 2n = 110, and pre¬ 
sented a clear photograph, but Pimenov & Yarygi¬ 
na (1967) and Gurzenkov & Gorovoy (1971) have 
indicated that the chromosome number of A. ko- 
reana is 2n = 22 (diploid). Kitagawa (1971) re¬ 
ported that one of the syntypes A. koreana was 


identical to Ostericum grosseserratum (Maxim.) 
Kitag., and therefore should be treated as a syn¬ 
onym O. grosseserratum. The chromosome num¬ 
ber of O. grosseserratum in Korea and China has 
been reported to be 2 n = 18 (Sun et al. 1996, Pan 
et al. 1997) or 2 n = 22 (Kwon et al. 2005). Be¬ 
cause of the dissimilar chromosome numbers in 
the two species, the syntypes of A. koreana likely 
represent a mixed collection and should be reex¬ 
amined so that a lectotype can be chosen for A. 
koreana. 

Pan & Zhuang (1995) reported a chromosome 
number 2n = 110 for Angelica tianmuensis Z.H. 
Pan & T.D. Zhuang from Zhejiang Province, 
eastern China, but without providing photo¬ 
graphic or illustrative evidence. Subsequently, 
Shu et al. (2001) reported the chromosome num¬ 
ber of A tianmuensis as 2 n = 110, although the 
chromosomes in their photograph are unclear. 

This study is therefore the third report of a de¬ 
caploid species in Angelica. I am now interested 
in whether these three decaploid species are phy- 
logenetically closely related. First, however, I 
hope to determine the decaploid lineage of A ko¬ 
reana examined by Do (1970) in Korea. Taxo¬ 
nomic studies, including molecular phylogenetic 
analysis, intraspecific variation of ploidy levels, 
and morphological variation, are required to clar¬ 
ify the taxonomic status and elucidate the evolu¬ 
tionary history of A minamitanii and related spe¬ 
cies. 


Nil-Electronic Library Service 





The Japanese Society for Plant Systematics 


June 2014 

I am grateful to T. Minamitani for collaboration in the 
field work, and for providing the plant materials used in 
this study. I thank J. Oda for advice during chromosome 
observation. This study was supported by a JSPS KAK- 
ENH1 Grant Number 23570116. 


References 

Alexeeva, T. V., M. G. Pimenov, E. V. Kljuykov & H.-Z. 
Hao. 2000. 10PB chromosome data 16. Newslett. Int. 
Organ. PI. Biosyst. 32: 11-12. 

Bell, C. R. & L. Constance. 1957. Chromosome numbers 
in Umbelliferae. Am. J. Bot. 44: 565-572. 

Do (To), C. A. 1970. Cytotaxonomic study on genus An¬ 
gelica. J. Korean Res. Inst. Better Living 5: 57-61 (in 
Korean with English summary). 

Fedorov, A. A. (ed.) 1969. Chromosome numbers of flow¬ 
ering plants. Nauka, Leningrad, (in Russian) 

Goldblatt, P. (ed.) 1981, 1984, 1985, 1988. Index to plant 
chromosome numbers, 1975-1978, 1979-1981, 1982- 
1983, 1984-1985. Missouri Botanical Garden, St. 
Louis. 

Goldblatt, P. & D. E. Johnson. 1979-. Index to plant chro¬ 
mosome numbers. Missouri Botanical Garden, St. 
Louis. http://www.tropicos.org/Project/IPCN. 

Goldblatt, P. & D. E. Johnson, (eds.) 1990, 1991, 1994, 
1996, 1998,2000,2003,2006. Index to plant chromo¬ 
some numbers, 1986-1987, 1988-1989, 1990-1991, 
1992-1993, 1994-1995, 1996-1997, 1998-2000, 
2001-2003. Missouri Botanical Garden, St. Louis. 

Goldblatt, P. & D. E. Johnson, (eds.) 2010. Index to plant 
chromosome numbers, 2004-2006. A.R.G. Gantner 
Verlag K.G., Ruggell. 

Gurzenkov N. N. & P. G. Gorovoy. 1971. Chromosome 
numbers of Umbelliferae of the Far East. Bot. Zhurn. 
(Moscow & Leningrad) 56: 1805-1815. (in Russian). 

Kitagawa, M. 1971. On the syntype specimen of Angelica 
koreana Maximowicz. J. Jap. Bot. 46: 367-372 (in 
Japanese). 

Kitagawa, M. 1982. Umbelliferae (Apiaceae). In: Satake, 
Y., J. Ohwi, S. Kitamura, S. Watari & T. Tominari 
(eds.), Wild Flowers of Japan II, pp. 276-290. HEI- 
BONSHA, Tokyo (in Japanese). 

Kwon, Y. J., M. R. Sul, J. K. An, C. H. Kim and B.-Y. Sun. 
2005. Chromosome numbers of vascular plants of Mt. 
Baekdu and adjacent area in China. Korean J. PI. Tax¬ 
on. 35: 47-55 (in Korean with English summary). 

Lee, Y. N. 1972. Chromosome number of flowering plants 
in Korea (4). J. Korean Res. Inst. Better Living 8: 41- 
51. 

Mabberley, D. J. 2008. Mabberley’s plant book, 3rd ed. 
Cambridge University Press, Cambridge. 

Minamitani, T. 1997. Notes on wild plants in Miyazaki (3) 


113 

A new taxa, Angelica sp., from southern Kyusyu, Ja¬ 
pan. Bull. Mus. Cultur. Inst. Miyazaki Pref. 20: 69- 
75 (in Japanese). 

Moore, R. J. (ed.) 1973. Index to plant chromosome num¬ 
bers 1967-1971. International Bureau for Plant Tax¬ 
onomy and Nomenclature, Utrecht. 

Moore, R. J. (ed.) 1974, 1977. Index to plant chromosome 
numbers for 1972, 1973-1974. Scheltema & Holke- 
ma, Utrecht. 

Nishikawa, T. 1988. Chromosome counts of flowering 
plant of Hokkaido (11). J. Hokkaido Univ. Educ. 
(Sect. IIB). 38: 33-40 (in Japanese with English sum¬ 
mary). 

Nishikawa, T. 2008. Chromosome atlas of flowering 
plants in Japan. National Museum of Nature and Sci¬ 
ence, Tokyo. 

Ogawa, K. 1929. Chromosome arrangement V. pollen 
mother cells in Torilis anthriscus Bernh. and Peuce- 
danum japonicum Thunb. Mem. Coll. Sci. Kyoto 
Imp. Univ., Ser. B, Biol. 4: 309-322 (with one plate). 

Ohba, H. 1999. Umbelliferae. In: Iwatsuki, K., D. E. 
Boufford, & H. Ohba (eds.), Flora of Japan Vol. lie, 
pp. 268-303. Kodansha, Tokyo. 

Pan Z.-H., X.-T. Liu , M.-L. Sheh & L.-R. Xu. 1991. A 
study on karyotypes of eight species and geographi¬ 
cal distribution of Angelica (Umbelliferae) in Sich¬ 
uan. Acta Phytotax. Sin. 29: 431-438 (in Chinese 
with English summary). 

Pan, Z.-H. & T.-D. Zhuang. 1995. Two new species and 
one new record of Angelica (Umbelliferae) from Chi¬ 
na. Acta Phytotax. Sin. 33: 86-90. (in Chinese with 
Latin description) 

Pan, Z.-H., T.-D. Zhuang, X.-M. Yao & N. Sheng. 1994. A 
study on karyotypes and geographical distribution of 
Angelica and related genera (Umbelliferae) in China. 
Acta Phytotax. Sin. 32: 419-424 (in Chinese with 
English summary). 

Pan, Z.-H., X.-T. Liu, X.-H. Li, X.-M. Yao, T.-D. Zhuang 
and X. Lin. 1997. A study on karyotypes and geo¬ 
graphical distribution of Ostericum (Umbelliferae) in 
China. Acta Phytotax. Sin. 35: 511-520 (in Chinese 
with English summary). 

Pimenov, M. G. & M. V. Leonov. 1993. The genera of the 
Umbelliferae. The Royal Botanic Gardens, Kew. 

Pimenov, M. G. & S. A. Yarygina. 1967. Chromosome 
numbers of the Far-Eastern species of Angelica L. 
Bot. Zhurn. (Moscow & Leningrad) 52: 356-359 (in 
Russian). 

Reveal J. L. & E. L. Styer. 1973. Miscellaneous chromo¬ 
some counts of western American plants-II. Great 
Basin Naturalist 33: 19-25. 

Shu, P., Z.-H. Pan, X.-T. Liu & T.-D. Zhuang. 2001. Pollen 
morphology and chromosome number of Angelica 
tianmuensis and its relationship with related species. 
J. Plant Resources Environm. 10: 29-33 (in Chinese 
with English summary). 


Azuma —Angelica minamitanii a decaploid species 


NII—Electronic Library Service 


The Japanese Society for Plant Systematics 


114 


Acta Phytotax. Geobot. 


Sokolovskaya, A. P. 1966. Geograficheskoe rasprostrane- 
nie poliploidnykh vidov rastenity (Issledovanie flory 
Primorskogo kraya). Vestn. Leningradsk. Univ., Ser. 
Biol. 3: 92-106 (in Russian with English summary). 
Sun, B.-Y., J. H. Park, M. J. Kwak, C. H. Kim and K. S. 
Kim. 1996. Chromosome counts from the flora of Ko¬ 
rea with emphasis on Apiaceae. J. Plant Biol. 39: 15— 


Vol. 65 

22 . 

Vasil'eva M. G. & M. G. Pimenov. 1991. Karyotaxonomi- 
cal analysis in the genus Angelica (Umbelliferae). PI. 
Syst. Evol. 177: 117-138. 

Yamazaki, T. 2001. Umbelliferae in Japan III. J. Jap. Bot. 
76: 307-320. 


Received June 25, 2013; accepted August 21, 2013 


NII—Electronic Library Service 


